Background Accredited Social Health Activists (ASHAs) are community health workers in rural India. This study estimates the proportion of villages with an ASHA and examines the impact of increased ASHA placement on changes in healthcare. Results Within 218 districts from 21 states, the average proportion of villages with an ASHA increased from 39.1 to 76.2%, unmet need for family planning increased from 14.7 to 22.4%, institutional delivery increased from 61.6 to 82.5%, and full immunization coverage decreased from 71.2 to 65.1%. A 1% increase in ASHA placement resulted in 0.05% less unmet need for family planning and 0.22% more full immunization, but no changes in institutional delivery.
Introduction
India incurred 15% of global maternal mortality with 45 000 deaths in 2015, 1 and one-fifth of under-five childhood mortality accounting for over 1.3 million deaths in 2013. 2 Individuals outside of cities experience a disproportionate burden of negative health outcomes: in 2009, the infant mortality rate was 55/1000 in rural areas, compared to 34/ 1000 in urban areas. 3 This disparity arises, in part, from lower utilization of healthcare resources in these areas. For example, fewer than 30% of deliveries occur in institutions in rural areas, compared to approximately two-thirds of deliveries in urban areas; 4 and 53.58% of rural children 12-23 months of age are fully vaccinated, compared to 65.63% of urban children. 5 Moreover, the ability of doctors to serve as agents of health promotion among rural residents is restricted because of their limited numbers; rural healthcare facilities are chronically understaffed because of well-documented physician preference to work in cities. 6 India's National Rural Health Mission (NRHM) was established in 2005 with the goal of reducing maternal mortality, infant mortality and the fertility rate in rural regions. 7 Through the NRHM, a new category of community health worker (CHW), the Accredited Social Health Activist (ASHA), was created. ASHAs were intended to connect rural residents to maternal and child healthcare, provide education about institutional delivery, neonatal care and immunizations, and to dispense basic medical provisions, like contraceptives and oral rehydration solution (ORS) for diarrhoea treatment.
(3) 25-45 years old, and (4) Literate with a formal education up to class 8. 7 These selection criteria are frequently not met. 8 In practice, training is limited, and ASHAs may have poor knowledge of diverse health conditions such as vitamin A deficiency, pneumonia, diarrhoea or adverse events following vaccination. 8 The NRHM authorizes one ASHA for every 1000 people in a rural village, with a goal of placement of ASHAs in 100% of rural villages by 2008, 7 although implementation of the program has been slow. As of July 2015, there were 856 405 ASHAs, which is short of the goal of placing 952 578 ASHAs nationwide at that time. 9 Few studies have comprehensively evaluated how the introduction of ASHAs into communities has affected health services access, 10 and existing studies have been limited geographically and typically address a specific health service. 11, 12 Research on the role of ASHAs in promoting vaccination has shown mixed results, 13, 14 although two-thirds of women in one study in Uttar Pradesh cited their ASHA as an important figure in assisting with having their child immunized. 14 Reports from the Indian states of Madhya Pradesh, Odisha and Rajasthan evaluated knowledge and use of ASHAs, but not whether they have improved healthcare access. [15] [16] [17] The lack of a thorough assessment of the effectiveness of ASHAs at improving access to care has limited economic decisions and policy regarding ASHAs; for example, cost-effectiveness studies of ASHAs rely on data from other types of CHWs. 18 By examining the differential increases in ASHA placement across districts in India, we were able to conduct a natural experiment. District-level information from 218 districts within 21 states in India were used to compare utilization of healthcare among mothers and children based on the District Level Household and Facility Survey 3 (DLHS-3), which was collected in 2007-08, and the more recent DLHS-4, collected in 2012-13. This study reports the proportion of rural villages within a district that had an ASHA, along with health services indicators including family planning, institutional delivery, immunization coverage, vitamin A supplementation, and use of ORS. We modelled the association between increased placement of ASHAs and changes in these indicators between 2007-08 and 2012-13 (Table 1) .
Methods
The DLHS is a nationwide cross-sectional survey conducted at regular intervals in India. In rural areas, DLHS employs a two-stage sampling scheme, whereby within every district, fifty villages are chosen through a probability-proportionateto-size method, and households are systematically selected. Trained interviewers collect information via in-person interviews from women in the households about reproductive health, maternal care and childhood immunizations for the last two surviving children. The head of the village in rural areas is asked about the availability of healthcare, education and other facilities in the village, and a questionnaire administered to health facilities collects information on human resources, infrastructure and services. The DLHS datasets are available from India's International Institute for Population Sciences (IIPS), at http://iipsindia.org/, and an interviewers' manual is also available online. 19 The primary explanatory variable in the study was ASHA placement-the proportion of villages in each district that had at least one ASHA. Confounders were the proportion of married women in the district who were literate, the proportion of sub-health centres staffed by an auxiliary nurse midwife (ANM), the number of sub-health centres within 3 km of a village, and the number of primary health centres within 10 km of a village.
Ten indicators were used to evaluate the effectiveness of ASHAs at the district level: unmet need for family planning, institutional delivery, delivery by skilled attendant, vitamin A supplementation, use of ORS and five measures of immunization coverage. Unmet need for family planning is the proportion of fecund women not using any method of family planning and who do not want any more children, who want to wait 2 or more years for their next birth, or who are unsure when to give birth next. Institutional delivery includes provision of birthing care either at government or private health institutions. Delivery attended by skilled health personnel refers to the proportion of deliveries performed by doctors, ANMs, nurses, midwives or other trained health personnel. For immunizations, we calculated the proportion of children 12-23 months of age with one dose Bacillus Calmette-Guérin (BCG); three doses diphtheria-tetanus-pertussis (DTP); three doses oral polio vaccine (OPV, excluding the birth dose); and one dose measles vaccine. Full immunization was receipt of all aforementioned doses. Vitamin A supplementation was the proportion of children 9-35 months of age within the district who had received at least one dose of vitamin A within the last 6 months. Children with diarrhoea given ORS is the proportion of children under 5 years of age who had diarrhoea in the last two weeks and received ORS.
To describe the distribution of these district-level variables, we calculated the mean and standard deviation (SD) of the social and healthcare characteristics. We linked the proportion of villages in a district with an ASHA to districtlevel maternal and child health characteristics in an ecological analysis. Through this ecological analysis, we were able to evaluate changes in the prevalence of health services indicators within a geographic region over time, and test whether these changes correlated with increased placement of ASHAs over time. Within ten different ordinary least squares models, the difference between the district-level proportions of the maternal and child healthcare outcomes between DLHS-4 and DLHS-3 was regressed onto both the extent of ASHA placement in the district in DLHS-3 and the difference in ASHA placement between DLHS-4 and DLHS-3. Every model also adjusted for the average value of the outcome (e.g. institutional delivery) and the average value of the social and healthcare characteristics, i.e. married women who are illiterate, sub-health centre with ANM, subhealth centres within 3 km, and primary health centres within 10 km in DLHS-3. As a sensitivity analysis, we completed the analysis state-by-state for the 13 states with more than four districts. We did not find distinct patterns in which states had stronger associations between ASHA placement and the health indicators. This sensitivity analysis was not sufficiently powered to detect significant findings, but for every outcome considered, six to nine states had an association in the same direction as the total sample.
Only districts included in publically released datasets of the DLHS-3 and DLHS-4 were used in the analysis. Survey data from the 2012-13 study from the eight empowered action group states and the state of Assam were not available in DLHS-4, and instead reconstituted as the Annual Health Survey (AHS). The AHS does not include reports from the health facilities questionnaire.
The data were analysed in SAS version 9.3 (SAS Institute, Cary, NC, USA). Choropleth maps of district-level attributes were created using ArcMap version 10.3.1 (Esri, Redlands, CA, USA).
Results
India's 36 states and union territories (35 at the time of the study) comprise 640 districts as of the 2011 Census; 39 of these districts were excluded from the sampling frame of DLHS-4. Additionally, data from 41 districts located in five state and union territories (Dadra and Nagar Haveli, Daman and Diu, Jammu and Kashmir, Lakshadweep and Delhi) have not been publicly released in any format. Data from an additional nine states (Assam, Bihar, Chhattisgarh, Jharkhand, Madhya Pradesh, Odisha, Rajasthan, Uttar Pradesh and Uttarakhand), representing 293 districts, have had limited release of household-level information, but not health facility information, in the form of the Annual Health Survey (AHS). Figure 1 shows which states had districts included in DLHS-4, and the proportion of villages which had placement of an ASHA. For the districts included in the DLHS, the proportion of villages in a district with ASHAs increased from less than half in 2007-08 (39.1 ± 34.8%) to over three-fourths in 2012-13 (76.2 ± 29.4%). In this time window, the proportion of women with an unmet need for family planning increased from 14.7% (SD: 6.3%) to 22.4% (SD: 12.9%) and the proportion of children 12-23 months of age who were fully immunized decreased from 71.2% (SD: 18.6%) to 65.1% (17.5%).
Overall, the nine states included in the AHS dataset had a similar proportion of women with an unmet need for family planning and children who have been vaccinated as reported from the DLHS states. The AHS states had a higher proportion of married women who are illiterate (48.1 ± 16.3%) and The prevalence of institutional delivery (62.7 ± 18.0%) and vitamin A supplementation (56.4 ± 14.2%) was lower in the AHS states than the DLHS-4 states. Table 2 shows results from the linear regressions that adjust for married women who are illiterate, sub-health centre with ANM, sub-health centres within 3 km, primary health centres within 10 km, and the level of the outcome in 2007-08. Within a district, a 1% increase in the proportion of that district's villages with ASHAs between 2007-08 and 2012-13 was associated with a 0.05% decrease in unmet need for family planning (95% CI: −0.10%, −0.01%) and a 0.22% increase in full immunization (95% CI: 0.14, 0.29). An increase in a district's proportion of villages with ASHAs was significantly associated with increases in the coverage of BCG, three doses DTP, three doses OPV and measles vaccine within the district. A 1% increase in ASHA coverage within a district was associated with 0.13% lower likelihood that a child was given ORS after diarrhoea (95% CI: −0.25%, −0.01%). The change in the proportion of villages with an ASHA placement between 2007-08 and 2012-13 was not significantly associated with changes in likelihood of institutional delivery, having a skilled attendant at delivery, or vitamin A supplementation of children 9-35 months of age in that district. Full results from regression models are shown in the Appendix.
Discussion
Main finding of this study
The Indian government's goal in placing ASHAs in rural areas is to reduce morbidity and mortality among society's most vulnerable members: infants, young children and pregnant women. 10, 20 We found, over a 5-year period, that districts with an increase in the proportion of villages with an ASHA had an inverse association with unmet need for family planning and a positive association with paediatric immunization coverage. The lack of association or negative association between increased ASHA placement in villages and patterns of delivery, vitamin A supplementation, and ORS disbursement to children with diarrhoea in the district 
COMMUNITY HEALTH WORKERS AND HEALTHCARE DELIVERY e167
could suggest that these CHWs are not utilized to their full potential.
What is already known on this topic
State-level evaluations have found problems with the implementation of the ASHA program. In Rajasthan, only onefourth of ASHAs were initially provided with medical kits, which include ORS, and after their training was complete and they were in the field, only an additional 37% received kits. 17 In Madhya Pradesh, these medical kits were not available at all when the ASHA program was initiated. 15 Both examples illustrate that the potential impact of the ASHA program on health services may be mitigated by a lack of access to needed medical supplies. Moreover, studies, like those of ASHA workers in Anand, Gujarat, have found substantial variability both between ASHAs in skill and knowledge and between different skills for one ASHA. 21 Future investments in training programs for ASHAs could ensure that ASHAs are instilled with adequate knowledge and skills and possess the right supplies.
What this study adds
Our findings that increases in ASHA placement within a district are not significantly associated with positive changes in outcomes such as institutional delivery, vitamin A supplementation or ORS usage should constitute a call to action rather than representing an indictment of programmatic failures. Additionally, future research could investigate why ASHAs are associated with improvements on some health services indicators but not others.
The positive association we found between district-level ASHA placement and childhood immunizations has occurred in the context of a larger country-wide, government-sponsored focus on increasing immunization coverage in India, particularly for polio as part of the Pulse Polio Programme, which led to India being declared polio-free in 2012. 22 ASHAs do not administer vaccines, but their advocacy for immunization with families in the community, which includes insuring that children get into the clinic, was likely enhanced against the background of a highly visible and sustained national conversation about immunization and social marketing in support of vaccination. The effectiveness of ASHAs fundamentally depends on their ability to provide information and convince parents and families about health services although their actual skill in doing so may be limited. 23 There has recently been a global movement emphasizing the value of increasing the CHW numbers and integrating them directly into health systems rather than treating them as supplementary workers dissociated from other health professionals. 24 Outside of India, which has 2275 000 CHWs, other developing countries with the largest number of CHWs are Indonesia (1500 000), Brazil (240 000), Bangladesh (138 000) and Ethiopia (128 000). 25 Ethiopia's Health Extension Program in particular has been seen as a global model for the creation of a CHW workforce, and it was the impetus for the '1 Million Community Health Worker Campaign' to increase numbers of e168 JOURNAL OF PUBLIC HEALTH these lay health workers in Sub-Saharan Africa. 26 The implementation of programs that aim to increase global CHW numbers naturally come with significant costs to and resource allocations from governmental ministries. As such, more evidence is needed on the utility of CHWs, both with regard to their ability to increase connections between local residents and services provided by healthcare professionals and within the context of limits in their knowledge and practices. There is likely to be substantial variation among CHWs in their effectiveness based on different communication strategies, differences in caste, religion or ethnicity that might exist between a CHW and the constituents she serves, the quality of training she's received, and the degree of supervision and other resources available to her. 27 These factors may differ for CHWs across countries and continents, and even among CHWs within a country, such as found in India with ASHAs, auxiliary nurse midwives and Anganwadi workers who collectively comprise almost half of the world's total number of CHWs. 25 
Limitations of this study
There are many plausible explanations for an increase or decrease in health measures over time, and increased investments in ASHAs within a particular area could have resulted from a number of influences including pressure to increase health funding in an area where immunization coverage and utilization of other health services is low. 28 We attempted to control for this possible 'reverse causation bias' by including a term in the model for the baseline (2007-08) proportion of ASHAs in villages within a district, but we have no other quantitative measure of the intensity with which NRHM operated in a given area. Moreover, there may be misclassification of the exposure, particularly if ASHAs were conflated with other community health workers, such as Anganwadi centre helpers, women health volunteers and village health nurses; therefore, the presence of ASHAs could be overreported. Several states from central India are not included in DLHS-4, which may limit generalizability of our data, particularly because these states include the states which are listed as 'High Focus States' for implementation of ASHA programs, 9 and therefore may have more resources devoted to ASHAs and accordingly higher effectiveness of ASHAs. Additionally, other programs, like Janani Suraksha Yojana, vary among states and across time, and therefore could impact the outcomes and the association between ASHA placement and the health services indicators. Lastly, our unit of aggregation was the district. We do not believe our study is subject to a substantial ecological bias because we are most interested in obtaining information about populationlevel patterns in health services, but villages may represent a finer-level of population although the same villages were not necessarily sampled in both DLHS-3 and DLHS-4. Overall, by including information from 21 states throughout India, we could demonstrate where ASHAs have and have not impacted maternal and child health.
Conclusions
ASHAs are locally sourced and variably trained CHWs. An increase in ASHA placement in Indian states between 2007-08 and 2012-13 was associated with decreases in unmet family planning need and increases in immunization coverage, suggesting that these CHWs have an impact on health services access. Other outcomes, including ORS and vitamin A supplementation, appear unaffected by ASHA placement and may indicate that research should focus on evaluating how ASHAs work within their communities. Despite limited training, an ASHA can provide essential services in a culturally nuanced fashion to her community by acting as a conduit to healthcare services and by working to reduce the huge disparities in maternal and child health that persist between rural and urban areas in modern India.
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